Femtosecond lasers have been used for Laser Induced Forward Transfer (LIFT) of TiO 2, a wide-band semiconductor with many industrial and research applications. TiO 2 polycrystalline thin films on quartz (obtained by pulsed laser deposition) were used as donors and both quartz and fluorine-doped tin dioxide coated glass substrates as acceptors. LIFT was performed at the laser wavelengths of 248 and 800 nm with pulses of 450 and 300 fs respectively. The transferred material was characterized by energy-dispersive X-ray spectroscopy, X-ray diffraction and micro-Raman spectroscopy to determine the composition and crystalline quality, and by scanning electron microscopy and atomic force microscopy to assess the surface morphology. The relation between these properties and the laser transfer conditions, including wavelength, pulse energy and acceptor substrate, are presented.
Introduction
Laser Induced Forward Transfer (LIFT) is a deposition method in which a pulsed laser beam is focused through a transparent support onto a thin film of the material to be transferred [1] [2] [3] . Under laser irradiation, a micrometer sized droplet of film material is ejected and transported onto a receptor surface placed nearby. This method allows the fabrication of a customer defined pattern with a high lateral resolution onto any substrate of a broad range of materials, such as oxides [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , metals [1, 2, [15] [16] [17] [18] , conducting polymers [19] and biomaterials [20, 21] .
In LIFT, the use of nanosecond (ns) laser pulses presents some difficulties associated with heating effects, such as remelting of the transferred material by the trailing part of the laser pulse [4] , non precise material processing and the spatial limitations of the transferred material by the laser focal spot size. The use of femtosecond (fs) pulses overcomes some of these difficulties and enables deposition of microsized features with high spatial resolution, good control over the morphology and composition and noticeable reduction of the characteristic dimensions [4] [5] [6] [7] [17] [18] [19] . Another important feature of fs pulses is that the LIFT threshold fluence is reduced compared to that of ns pulses [15] , which constitutes an advantage for deposition of transparent materials. With LIFT, arrays of spots with size down to 300 nm can be obtained [17] using laser wavelengths corresponding to the absorption band of the donor material. Temporal shaping has been proposed as a tool to further control the morphology of structures obtained by this technique [18] .
In some studies [10] [11] [12] [19] [20] [21] [22] a sacrificial material layer is inserted between the carrier substrate and the layer of the material to be transferred and the influence of its thickness has been determined [22] . The purpose of the sacrificial layer is to absorb part of the laser pulse energy and ensure a gentle transferring process. However, in some cases it has been observed that the sacrificial layer may cause some debris that pollutes the LIFT material [21, 22] . TiO 2 is an n-type, wide-band semiconductor, with many industrial and research applications [23] [24] [25] . The two crystalline phases of TiO 2 are rutile and anatase, with energy bandgap 3.0 and 3.2 eV, respectively. The dependence of properties on its nanostructure [26] has motivated the use of nanometer-sized TiO 2 particles for ceramics, optical devices, sensors, self cleaning coatings, fabrication of electrodes for photovoltaics, etc. Using a mixture of TiO 2 and gold as donor, LIFT deposits have been obtained with ns laser pulses at 532 nm [10] . Doping with gold changes the bandgap allowing tuning it to the laser photon energy and ensuring an efficient laser material interaction. In another study [8] , the influence of a sacrificial layer of gold for LIFT of TiO 2 has been investigated. The velocity of the droplets during the transfer process was found to depend on the sacrificial layer thickness.
Aiming at the understanding of the different mechanisms involved in the process and their dependence on the irradiation wavelength, in this work we present results on the growth of TiO 2 deposits by fs LIFT. This study also aims at exploring the possibility of controlling the structure of the transferred material by choosing the adequate laser parameters. We have selected quartz and fluorine-doped tin dioxide (FTO) coated glass as LIFT substrates. The selection of the latter is justified by its use in dye sensitized solar cells (DSSC) for photovoltaics [25] . In fact, this material has been used as LIFT substrate of anatase phase TiO 2 in this type of applications. [13, 14] . In particular, it has been recently proven that the performance of the rutile phase of TiO 2 is comparable to the anatase phase, with additional advantages of the former, including better chemical stability and higher refractive index [27 and references therein]. As donors we use TiO 2 films fabricated by pulsed laser deposition (PLD). LIFT was operated at two wavelengths (248 and 800 nm), which correspond to photon energies respectively above and below the bandgap of the starting rutile material. The laser pulses had durations of 450 and 300 fs respectively. The morphology of the transferred patterns was characterized by scanning electron microscopy (SEM) and atomic force microscopy (AFM). The composition of deposits was investigated through energy-dispersive X-ray spectroscopy (EDX) and the crystallinity of the prepared donors and of the deposits was measured by X-ray diffraction (XRD) and micro-Raman spectroscopy.
Experimental details
The donor was a 1 mm thick quartz window covered by a 70 nm nanostructured layer of TiO 2 prepared by PLD, using TiO 2 rutile sintered pellets and a KrF excimer laser (Lambda Physik, 248 nm, pulse duration 34 ns, 10 Hz) operating at a fluence of 2 J/cm 2 . Deposition was carried out under 0.5 Pa of oxygen while the quartz substrates were placed parallel to the target at a distance of 4 cm and heated up to 650 °C [28] .
Quartz or FTO coated glass pieces were used as acceptor for LIFT. Prior to use, the substrates were ultrasonically degreased in acetone and isopropanol for 10 minutes. Two experimental setups with two different subpicosecond laser systems operating at 248 and 800 nm were employed. Detailed descriptions are given in [4] and [18] 
